SUMMARY The possible influence of the high polymorphic C heterochromatic regions of human chromosomes 1, 9, 16, and Y on meiotic chromosome segregation was investigated. Faulty chromosome segregation may be the result of either an abnormal quantity of C heterochromatin on the homologues, or disequilibrium between the homologues. The aim of our study was to determine whether either a variation in the amounts of total C heterochromatin or differences in the amounts of C heterochromatin between homologues could lead to faulty chromosome segregation. The study was performed on C banded metaphases obtained from peripheral lymphocyte cultures of 15 couples with recurrent early abortions and 15 control couples, all Caucasians.
C heterochrotnatini variationl in couples with recurrenit early abortions CULTURE METHOD AND STAINING Lymphocyte cultures were made according to the (slightly modified) method of Moorhead et al.A8 Phytohaemagglutinin and colcemid were used for stimulation of the lymphocytes and metaphase arrest, respectively. Five days after harvest the metaphases were C banded according to Sumner.29 During the preparation, the chromosomes may be exposed to influences which could modify their morphological properties. To avoid these effects as much as possible, the techniques for collecting, treating, and staining the preparations have been strictly standardised.
METHODS OF MEASUREMENT
C banded metaphases were photographed and good quality metaphases (about 20 or 25 per person) were selected. Only well spread metaphases with visually the same degree of contraction and with chromosomes 1, 9, 16 , and Y in a straight position were used. The length of chromosomes 1, 9, 16 , and Y (in the male population) was measured using a Hewlett Packard (X, Y) digitiser and co-ordinates of four points for each chromosome were recorded. These were the start and end of the chromosome (P1 and P4) and the start and end of the C band (P2 and P3).
For the Y chromosome the end of the C heterochromatic region and of the whole chromosome is the same (P3= P4). These coordinates were transmitted to a CDC computer system which calculates length values from the coordinates. The results were expressed as relative C heterochromatin values, namely the length of C heterochromatin as a function of the length of the total chromosome for each chromosome of each metaphase. 4 . These studies vary in the number of couples examined, in the number of metaphases analysed per person, in the method for the estimation of C heterochromatin values (from subjective scoring to objective measuring methods), and finally in the power of the statistical methods applied. The results obtained are therefore controversial.
Our purpose was to reconsider the problem with special attention to the number of metaphases scored per person (about 20 to 25), the accuracy of the measuring method (a length measuring method was applied and the C heterochromatin is expressed as a relative C heterochromatin value3O), and the power of the statistical method (analyses of variance were performed to provide a quantitative evaluation of the intra-individual, inter-individual, and between population variation of the C heterochromatin).
The variability of the mean relative C heterochromatin value separately for each chromosome pair (1, 9, and 16) was analysed first by a hierarchical model of analysis of variance (table 1) . This analysis compared the intra-individual variation, the interindividual variation within a population (control parents vs couples with recurrent abortions), and the between population variation of the mean relative C heterochromatin value separately for each homologue (1, 9, and 16) averaged in each metaphase. It is clear from this analysis that for both males and females and for the three chromosome pairs studied, only the intra-individual variation is statistically highly significant. The inter-individual and the between population variation was negligible in comparison. This means that even when a large Therefore, instead of considering each metaphase separately, the data were analysed in a second step (one way analysis of variance) starting from a mean C heterochromatic value per person. The value used is an estimator for each chromosome of each person and is of course dependent on the number of metaphases examined, in our study about 20 to 25 per person. Most other authors also use mean values per person, but the number of metaphases studied in the different samples was variable and usually rather small (from one to ten metaphases per person) (see table 4). We suggest that the use of a C heterochromatin estimator based on a small number of metaphases could be, at least partially, an explanation for the controversy about the existence or absence of a relationship between C heterochromatin variants and the occurrence of recurrent abortions. Our analysis, based on a relatively large number of metaphases per person, failed to demonstrate any relationship between C heterochromatin variants and recurrent abortions. Neither the quantity of C heterochromatin (on each homologue separately or averaged over both homologues) nor the difference between the two homologues (expressed as the difference between the two homologues) differ significantly between the control and the affected populations, suggesting that the nondisjunction phenomena are not caused by any of these factors. One cannot exclude that small differences may exist between the two samples, but we were not able to demonstrate them. However, if important differences had been present, the method described here would probably have shown them.
